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BATTELLE   MEMORIAL,   INSTITUTE 
INDDSIRIAl   AHD   BCIEITTIPIC   RESEJ^CS 

GOS0MBDS   1, OHIO 

January 9, ±9$0 RESTRICTED 

Dr. John Dessauer 
The Haloid Company 
Rochester 2-s -New Xiork 

Dear Dr. Dessauer: 

Y/e are enclosing 56 copies-.of Quarterly R'ogres.s 
•Report No. 6 on Continuous-Tone Electrophotography. 
This report covers work for the three-month period from 
September l£> 19k9 i  to December 1-5, l?it9. 

A marked improvement in the quality of contin- 
uous-tone pictures, produced by powder-cloud techniques, 
has been achieved. This improvement is due principally 
to the use of plates with thicker seieniim coatings   
combined with particular care to prevent overcharging«, 

A spray-development technique has been devised 
which produces the best pictures produced to date „by 
ele ctrophötography » 

The work for the- next quarter will be concentrated 
on getting specific engineering data to enable the camera 
design to bo completed in detail» 

Very  truly yours > 

Lewis E. "Jalkup 
Assistant Supervisor 
graphic Arts Research Division 

Llk/'rswr 
Enc. 
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(Subcontract Under Signal Oorps Friirie •Gbntraöt 
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by 

R» M. Schaffert,  D. T. Williams> and L.. E. Vfallaip 

OBJECTIVE OF RESEARCH: To evolve an electrostatio electrographic 
system capable of reproducing continuous- 
tone nhotosra'ohs. 

( 
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__ from 

BATTELLE MEMORIAL INSTITUTE 

by 

Rv If*  Schaff er t-, Dv T* V/'illiämsY~'änä' L. ~E. Wälicup 

December 15, 19^9 

SUMMARY 

This report covers experimental work on continuous-tone electro- 

photography from September 15, 192*9, to December l£, 192*9. 

A decided improvement in the quality of continuous-tone images 

developed by the powder-cloud technique has been achieved« It consists 

primarily in a great reduction in the graininess of the -powder deposjL.t 

and an almost complete elimination of po^vder^deficient spots in the prints. 

This improvement in. both grain and powder-free areas is attributable to 

three factorss (1) a control of potential during sensitizing the plates 
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so as not to- overcharge them, (2) the use of plates with thicker 

selenium Coatings which can accept a greater charge without breakdown;, 

and (3) a general improvement_in"pövfd.er~el5üär developing "techniques^  7 

The study of particle-size distribution in powderscloud; develop- 

ment, work has been continued. It shows that particle, size in- the- 

deposited powder is dependent en- the moisture content of the powder? 

excess moisture causing coarser grain or "treeing". It also- shows that 

the average particle size in the: deposit does not go below three microns 

•even- though the powder has. originally been ground much finer.. 

"fork on gray-scale exposures, of selenium, plates has yielded 

valuable information about the dependence of plate voltage on plate 

exposure. Using this information, ä  definite plan has been, worked out 

for- cycling the- voltage-"on the"development grid during pöwdör-clöüd 

development. This development-grid cycling, sL.ould make possible a much 

morg faithful- tonal rendition.than has been obtainable to date. 

A spray-development technique has been developed- which- produces 

prints having the finest texture and best tonal gradations yet attained 

in the electrophotographic, process. 

A smoke cloud containing vaporized dye has been used to develop 

continuous-tone Images. Though these prints are of very low contrast, 

the grain texture and resolution are very good. 

'.vork was initiated on adhesive transfer and fixing of electro- 

photographic prints., the best results were obtained using gelatine- 

coated photographic paper. 
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It was found that brä'ss is much superior to 2SH 111 aluminum as 

a backing-plate material. It gives rise to -slower dark-decay rates and 

Tgrea^bly ^decreases the; tendency of" plates, to form, powder-defi-clent, areas. 

Plates, using phosphors as- the. photosensitive element have been 

prepared and tested. Though prints made rath these plates' do not have 

the fine grain quality how obtainable with seleniunH-cOated plates, the 

plates do have fair speed and give, reasonable image quality. They also 

offer potentialities- for providing ä greater variety of spectral 

sensitivities" than selenium plates. Pictures of comparable speed and 

quality have been produced both by the Carlson (charge before exposing) 

and the Kaliman. .(expose before charging) methods. 

The emphasis of work on this project has- been changed from general 

.development work to obta-i-n-i-ng- more speelfie Information on tlie- processes 

as they now stand* This should provide the data needed by the camera- 

design, engineers -to prepare drawings for a practical electrophotographic 

camera. 

FUTURE ••70RK- 

All work for the next quarter will be directed, in so far as is 

practicable> toward obtaining the specific information still required by 

the camera designers. This consists, with regard to plates- themselves., 

in determining the optimum thickness of selenium to be used, and In 

determining the decay and fatigue characteristics of these plates. ¥ork 

will also be done bo f ind the optimum plate-preparation temperature.» 
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Y/itft regard to plate sensitization,., future work will consist in determin- 

ing the best plate potential and the corona and potential-control^grid 

vox tage s tö us&. 

Liu-ifs of exposure vri.ll fee set tip for several exposure conditions.. 

The final design of a powder-cloud box will be fixed and its most 

effective geometry" determined. This includes development-grid-wire 

diameter .and spacing., and the spacing between the grid and the plate» 

Recommendations will be made with regard to voltage cycling on the grid, 

äs well. 

The. study of adhesive transfer and fixing will continue as out- 

lined in this report. 

Some further work will also be done with spray development along 

•the lines- of more faithful tonal rendition and a simpler transfer 

operation. 

More phosphcr plates will be made for the purpose of getting 

•engineering-type ihföMItiön oh best method's3  best thickness, best 

phesphOr-to-binder ration etc. Only those phosphors which- have been_ 

used to date will be studied. 

PUBLICATIONS' AND REPORTS 

iNone). 
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EXPERIMENTS ON; CONTINUOUS-TONE DEVELOPIJENT 

(Pi G.. Andrus, 5* J/;Czyzak,,~ p.. L. Fäüäer, R. B. 
P>. Reynolds, E. Ricker, ähä; R; Tom) 

Reduction of Gray Scales, vjith, the Powder G-Io.ud 

The electrophotographic process is capable of producing continuous- 

tone reproductions- vrith high contrast. The tonal rendition, is non-lineär, 

höwever, the middle and lighter tones being developed to a higher 

contrast than the darker tones,. The reason for this was- found to be that, 

while density of powder deposited is substantially proportional to pla/ce 

potential, the potential decay of an. exposed plate is not proportional 

to subject density. The decay is more nearly a linear function of 

exposure, over a wide range. 

A correction for this lack of contrast in the higher density area 

can be effected by means -of the development-control grid. The use of 

this grid has been described in Quarterly Progress Report.-No-. 3,  page 

292, There ib"uas stated that development of any particular plate area could 

be stopped by applying to the grid ä potential equal to or greater than 

the potential which exists on the particular area. Actually, powder 

deposition is not completely stopped, by this potential, but nearly so= 

The procedure for correcting the lack of contrast in high-density areas 

is as follows* after sufficient contrast has developed* in the middle- 

and light-rtone areas, the grid potential is increased to suoh a point as 

to almost completely stop development of these middle^ and light-tone 

areas, The darker areas will then continue to be developed. 
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It was not possible tö correct the non-^lineär contrast by simple 

trial and error methods. It was necessary to break the problem into two 

parts. These, consisted of (1) determining the relation between subject 

density and potential on the exposed, electrophotographic plate, and '(2) 

determining the relation between potential on a surface and the amount 

of powder deposited on it. 

Ill determining the relation between subject density* and plate 

potentiäij the charged plate was- fir.st exposed in a camera to ä ^gray 

scale» The densities oh this gray scale ranged from zero to 1.7'. The 

potentials on the exposed plate corresponding to the gray-scale steps 

were then measured on the point-probe" electrometer (described on page 519 

•of this report). A plot of potential versus subject density is shown 

in Figure 1^0. Corresponding relative-intensi-fcr values are included along 

the abscissa. Kenny flash lamps were used and curves, are drawn for 

three different stop openings of the lens. The curve for f-f>..6 is drawn 

as gradually sloping to the origin, rather than intersecting the density 

axis at some value of density other than zero. Though the data dp not 

distinctly indicate this choice as the proper one,, knowledge that 

practically all plates, have very slow, light-decay characteristics near 

zero potential make it the most likely one. 

The f-11 curve in Figure lliO gives an indication of the relative 

exposure for highlights, and shadows.. For the plate tested,, the relative 

exposure is about 00 to 1.  The curves for f-£.6> and f~3_2 show over 

exposure and under exposure. 
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The effect of different intensities is given in Figure 11|0, both 

by the intensity axis and by going from one curve to another, A 

comparison of voltage drops caused by a -decreasing, •s.ub.j.e.ct density v/ith 

voltage drops caused by a. change in stop opening (at constant subject 

density.}; gives an indication of the reliability of the' data; though the 

curves checked in this way are not completely self consistent, they do 

give valuable information on latitude of exposure. 

In determining the relation between potential on, a surface and 

the .amount of powder deposited on it, the development-test plate was used. 

The use of such a plate was described in Quarterly Progress-Report No. $, 

pages" l4.Ol-lj.O6. A new developments-test plate was made for the work 

reported here. This plate differed from the original only in the, size 

and spacing- of—ths--different sections*. l£assis:u-s voltages- were a'o.'olied- to. 

various, areas on the plate during development. A transfer of the deposit- 

ed powder to white paper was made and the densities of the different 

areas were measured on a reflection densitömeter. The curves in Figures. 

II4I and llj.2' show the- relation between powder deposited (and transferred) 

to potential on the area. Reproductions of the powder deposit transferred 

from the test plate are also shown in Figures lljl and lij.2. Figure lljl 

covers a potential range from zero to I|25> volts, with 25> volts on the 

developmentr-control grid. Figure llj.2 covers a. potential range up to. 80 

volts, with 5l volts on the grid. Note that the curve for the shorter 

potential ränge does not show zero density for a plate, potential equal 

to the^ grid potential. This is due to the presence of uncharged and 

negatively charged particles in the space betareen the plate and the grid. 
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This effect is shown particularly .weil in Figure lU3 J> in which a 

relatively high grid voltage-was used. Here, a difference in concentra- 

tion of positively and negatively charged powder particles is demonstrat- 

ed by the difference in the slope of the two sections of the curve.. The 

change in slope occurs approximately at the point where the grid 

potential equals the plate potential. 

The following information results from ä Study of the curves in 

Figures 1U0, ilil, 1Ü2, and ittf. 

I* The relation between subject density and plate potential 

after exposure is not iinear over most of the density range. This means 

that, since the density of powder deposited (and transferred) is 

essentially proportioned to the plate potential, a true reproduction by 

powder-cloud development can be made öMyÜ3y^.co.rr_äc.ting_.f or this. non=: 

linearity .in the development step. However, the curves are nearly linear 

over a short density range, from zero to 0.6. It has not yet been 

established v/hat degree of non-linearity can b& tolerated in producing a 

.satisfactory print» 

2. It should be possible to- compensate fer the potential-decay 

characteristics^ by varying the potential on the development-control grid. 

Ön the plate used for these- tests., it appears that the maximum density 

range attainable is from aero to about 1.%, unless a development-grid 

potential cycle is used. 

This work i?as carried out using glass bead-Aid developer 

(approximate ratio - l£  to 1) in the motor-driven,compartmented developing 

box. A potential-control grid was used for charging the plate in the 
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experimonts showing the relation of plate potential to subject density; 

These data are the result of comparative tests, on only ong plate. They 

are to :be taken only as representative of the type of results one carl 

expect and should fip,t be considered as. quantitatively representative of 

most plates. 

Potential Cycling, oji_Deyelopment Grid 

It has been lenown for some time that electrophotography does not 

produce a true representation of an original gray scale in the final 

print when development is done with a single potential on the development 

grid throughout the development period.  It has also been suspected that, 

if the potential on the development grid "tore  cycled during development^ 

X.+.. would be TDos.-s-i-bls.--to--JO3?QGIU"GS—a JDri-nt-having—a clens-i-ty.sea-ill much 

closer to the density scale of the original subject. The following is - 

a basic explanation of why this is true and of the method which would be 

used to arrive at the potential cycle to be used oh the development grid. 

For this analysis, it is assumed that the powder which deposits 

-on a plate does not alter the potential on the plate* and that the 

density which deposits,on a given area of the print (image) is proportion- 

al to the potential .of that area. 

The calculation is, started with the data given in plots A and B' 

of Figure lljlt.« (All further referonces in this section will =be made to 

the three plots in this Figure.) Plot A :;ives the potential of the 

electrophotographic plate as a function of the optical density of the 

original to which it was exposed. This plot is not a straight line, 
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since potential decay is nearly' a straightr-line function with exposure 

rather than optical density in the original. (Density varies inversely 

as the logarithm- of the. exposure. )• Plot B shows the straight^line. 

relationship between potential on the electrophotographic plate and the 

optical density of the final print for various ti^ea pf development»  ti_ to 

tg. This relationship would have to be determined by experiments on 

actual plates'. Enough is known about this relationship, however;. to 

show that it-agrees reasonably well., with the curves given. 

From thS data described above, it is desired to specify a 

development cycle which will give a density scale in the final print as 

closely as possible equal to the density scale of the original. This 

derived function is to be produced in PlottC as the calculation 

progressos. 

As the first step in the calculation;, it is seen that the curve 

in Plot A can be reasonably well represented by a straight line up to a 

point corresponding tba density D-^, and ä potential P';.. Density D-, is 

then marked off on the abscissa of -Plats.. If the final print is to be 

a true representation of the original, then this point should correspond 

to a density of D}_ on the final print and it can be so marked on Plot G. 

Furthermore, the dashed line- on Plot C is the line which we would like 

to- follow for the whole relationship of density of original to density of 

the finished print». 

Next, the value of potential Px and the'value of D1 (same as d1) 

is marked on the appropriate axes of Plot B. These two values determine 
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a point, on this plot and this point determines the proper development 

time, T-,, required to achieve this- relationship of density and potential. 

At the same time this one point is being developed,., the other 

density areas of the plate are also being developed. These areas will 

generally have optical densities from zero up to some value between one 

and two,, on the conventional scale. To find the densities resulting from 

•developing for a. time IT, it will be necessary to take other values on 

the scale of densities of' the original arid repeat the calculation outlined 

above tö get additional points on the curve. In calculating these 

additional points On curve 1, it will be necessary, of course, to use the 

same development time, TT_, as was arrived at in the original calculation. 

At the end of this first, development period, the density of the. 

image, on. the. plate, will be. represented by Gurve. 1 on Plot CU For the 

second period of the development cycle, it vrf.ll be necessary to raise the,, 

potential on the development grid to the value P-j_. vVhen this is done, it 

is assumed that there will be no further development in any areas on the 

plate which have potentials lower than -I> * These areas are now •completely 

developed. 

For the second period of the development cycle, the value D2 is 

selected so that the curve'in Plot A and Curve 1 in Plot C are both 

reasonably well represented by straight lines between the values D-, and 

Dg« Wow, to bring the density of the print up to the desired straight 

line in Plot C for density D2> it will bo necessary to add to the image an 

increment of density equal to a-^. When the development grid is raised ' 

to the potential P^, then the area corresponding to D2 will have an. 
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eff ectivo potential of b^. These two Values; can bo marked off on Plot B 

and the necessary development time Tp determined for the second period 

of the dcvaLcpment cycle. "When this second development period is 

completed-, the final density of the print corresponding, to the original- 

density of t>2 vri.ll fall on the desired straight line, 'fhe rest of Curve 

2 on Plot C caii be drawn by phasing other values of original density 

and carrying them through the calculation involving Plots A and B. in 

each case, the value of Tp is used on Plot B. 

An extension of the process outlined above can malce better and 

better appreciations to the straight lino desired between original and 

final density. Hov/ever, it is believed that from three to five values 

of dovelopment-^rid potential should be sufficient for practical purposes. 

J.A.V-  ^VW>^. w  «..A^^..^-. w... ~.A- «—  •-•-•- *.»-- „».^.-* „...  „—_. „0 ,_— —„_. p, f—~ 

development cycle can be modified in actual practice,, depending on the 

nature of the functions finally determined in Plots A and Bv It may even 

be possible to write out differential equations and solve them for the 

ideal development cycle,. Gn the other hand, it may be more practical to 

determine the development cycle from purely empirical tests on the 

process. 

In any case, the development cycle vri.ll be determined only once 

for a particular combination of plate, total errposure, and development 

operation. It vri.ll not be necessary to repeat the process for each 

picture made. 

Actual application of the method outlined above indicates that 

practical values of development time result. 
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Control of Graininess in Prints ijadc 
by^goj-gier.-'Clpud JDcvciopment 

One- of the outstanding defects of continuous-tone electrophoto- 

graphy has been the graininess of the prints. This defect can possibly 

be attributed to one or more of the following1: 

1» NonuniforniiJjiitiai plate potential.: 

2. Different rates of light and dark decay on different small 

areas sof the plate. 

'3.C Uneven deposition p-f powde-f on the plate- äs a result of -the 

development process itself (iie., such as the treeing effect of the 

powder )•. 

One test for the first point above,, nohuniformity of potential 

on. the. plate.v as te make., the—plate, .surface. .sli::htlv dar ^Conducting,. 

This. will tend to equalize local potential differences.- Slightly 

conducting mixtures of Glo-Coat V/ax Polish* plus^ Arquad**, Sunoco. Auto 

Poiisly-aH!" plus' glycerine, aid .Sunoc o Auto Polish plus Ar quad or Glass ".7ax"";HH;" 

will accomplish this. These coatings, apparently allow some surface 

conduction thus producing a more uniform initial potential on the 

plate... They also may cause the plate to discharge more uniformly and 

allow surface conduction aft^r exposure to give a. Tore uniform image 

potential. In this way, it was possible to produce gray-scale areas 

equal in grain quality to the grays produced on the development-?test 

plate. Images produced by this method lacked definition, however. 

•K- S. C. Johnson and Son, Inc., Racine, '.'."is cons in. 
•iBC- Armour and Company, Chicago, Illinois. 

*-*# Sunoco Oil Company, Philadelphia, Pennsylvania. 

-JHBB* Gold Seal Company, Bismarck, North Dakota, 
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Figure ll£ shows two prints made, using Plate Number 9r4>Ai9-Ai 

Both prints were prepared in the same manner, using positive sensitiza- 

tion -and contact exposure. Print l!r>r-A is representative of prints 

produced oh the plate after it had been coated with Gib-Coat floor wax 

plus Arquacb Print lliS-B is* representative b±  prints- produced before 

the plate was coated. 

It was found- that_graifiin§ss of prints can also be reduced if the 

potential to which the plate is charged is held to some value well below 

the maximum w.".iieh the plate can accept. This control of plate potential 

can be accomplished using a potential-control charging grid as described 

in Quarterly Progress Report No* 5, pages klk-hll* 

A plate which has never been-.subjected to breakdown voltages from 

ah open-wire corona charging unit will"shew good grain quality through 

the use of the potential-control grid. However> a plate which has been 

-subjected to breakdown potentials will not show so much improvement in 

grain quality when charged with- the. potential-control grid. An example 

of this is given in Figure II46. Figure 11|6T-A is- a gray scale made with 

the first charging to which the plate, was ever subjected; Figure 1Ü6-B 

was made after the third charging; and Figure 1U6-C was made after the. 

fourth charging. The potential-control grid was used on the first and 

fourth chargings (II46-A and 11*6-0) > and open corona wires were used for 

the -second and third chargings (Figure 1^6-B-), It is apparent that- the 

open-wire charging has caused damage to the plate which the potential- 

control grid cannot correct. Further subjection to cpen^wire charging 

will damage the plate still more. The improvement in grain quality 
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hrought about by the potential-control grid is always- much more 
r. 

pronouncM in the- denser areas of the prints. 

The effect of the powder itself on grain texture i-s -.comparatively/ 

slight. This is discussed' in the following section of this report. 

Particle-rSi?-e„ Distribution- in Powder Clouds 

Summary of Results 

In Quarterly Progress Report Neu. 5>, page l£L2,  it was recommended 

that the following factors be evaluated before any measurements could be 

made, to determine the effect of particle size on continuous-tone 

quality: (ä) Effect of moisture on particle^size distribution;  (b) 

type of cloud deposit produced by a powder whose composition consists 

mainly of one-micron particles; (c) type of cloud deposit produced by 

powder-rcarrier clouds-; and (d(), since clouds are known to possess negative, 

positive-, and uncharged particles, the predominant polarity should be 

determined. 

Ah investigation of the- above^-mentioned factors' was made. It 

was observed that., of three powders examined [Alj (wet), Alj (dry), and 

Alj fines (dry)] using both the development-test plate and a selenium 

plate, the Alj. fines (dry) gave the most uniform deposit and smoothest 

particle distribution (Figures. 1U7-B and llj.8). This distribution differs 

considerably from that of the powder before being Used to generate a 

cloud (Figure lU'7-A). From Figures llj.8, ll$, and 150,, it can be seen 

that trie «treeing" effect is eliminated when dry powders are used. 
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DEVELOPMENT-TEST PLATE SELENIUM   PLATE 

217 VOLTS 

98 VOLTS B 

(') 

0   VOLTS D 67103 

FIGURE   148.   POWDER-CLOUD DEPOSITION OF AM-FINES DRY POWDER 
ON DEVELOPMENT-TEST PLATE AND SELENIUM  PLATE 
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DEVELOPMENT-TEST PLATE SELENIUM  PLATE 

-215  VOLTS 

157 VOLTS B 

C 

98 VOLTS 67104 

FIGURE   149.    POWDER-CLOUD   DEPOSITION  OF Alj-DRY POWDER 
ON  DEVELOPMENT-TEST PLATE AND SELENIUM PLATE 
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DEVELOPMENT-TEST PLATE SELENIUM    PLATE 

305  VOLTS 

151   VOLTS B 

f 

57   VOLTS 67105 

FIGURE   150.   POWDER-CLOUD DEPOSITION OF Aij-WET POWDER 
ON DEVELOPMENT-TEST PLATE AND SELENIUM  PLATE 

RESTRICTED   I 
s 



RESTRICTED 
%89- 

Tests on the polarity of cloud showed that polarity was dependent 

both upon the manner in whi ch the cloud was produced arid the -moisture, 

content of the powder. In these tests, the cloud was created using the 

mötör-d'fi^ehj cömpärtmented., developing 'box-. The polarity was mos-tüy 

negative .(3:1) for the Alj. fines (dry) powder. The grid had no effect 

on the polarity of the cloud, and clouds deposited from wet powders were 

more negative than those of dry powders« 

Experimental "Jork on Clouds-Particle Studies- 

Samples were taken from Alj powders and Alj fines. The powders 

were prepared as described in Quarterly Progress Report No. 5, page lj.O-7 

•and the Appendix, The Alj fines and part of the Alj sample were dried 

in a vacuum oven at 6o°C. for four days. They were then transferred to 

a vacuum desiccator until ready for use. The other part of the. Älj 

sample was placed in a humidity chamber for four 'hours; at ?5 per cent, 

relative humidity before using. 

Powder clouds of the above samples were created by using the 

motor-driven,compartmented box (for details, see Quarterly Progress 

Report No. 5, page liQl)- and were deposited on- selenium Plate 10r-3-4j.9Ä 

and the developnent-test plate. The. plates fcr both the wet and dry 

powder-rcloud tests were cleaned and vacuum dried in a vacuum oven at 

6o°C, and kept in ä vacuum desiccator until ready for use. On the 

development-test plate, the cloud was deposited on the metal areas which 

were maintained at the following approximate potentials: 0, 60, 100, 

l6o, 215, 275, 300, and 35'0 volts. The selenium plate (10-3-U9A) was 

DE'QTDI^Trr, 
HfcLö I T\\\J I C-U 

BATTEI-L.E  MEMORIAL  INSTITUTE 



RESTRICTED 
-U9Q- 

exposed in a camera to a gray scale and then developed. After the 

development-test plat? and the selenium plate had been developed, they 

were examined under a -stereoscopic micros cope at a magnification of ILPX- 

and a. monocular microscope alt a magnification of 50X and 15ÖX. The 

particle size= and distribution were determined from the microscopic 

examination-. For each powder and plate, approximately 1ÖÖÖ particles 

were observed. From these counts, the data in Figure liVf, parts A and B, 

viere  plotted. In addition, micro- and macrophötögraphswere taken, 

some, of which are shown in Figures 1-1+8, lli9> and l£Ö-. The cloud deposit 

from all pla-tes was electros tat ically transferred and fixed öfi paper 

which had been previously vacuum dried. 

In the experiments on polarity of the va-rious powder clouds,, the 

following proc:edure, for testing was employed,,. The- apparatus is shown 

in Figure 151. A bell jar with a narrow opening at the top was. used. 

Through this .opening? tyre- copper wires' Were inserted, on the ends of which 

were suspended two. copper electrodes (2-1/2 x 1-1/2 x l/6_4 inches/). The 

other ends.-of the copper wires were sccnnected to.- the battery to- maintain 

the electrodes at ä potential difference: of 180/ volts (+90' volts and -90 

volts )•* The bell jar rested on a wooden frame to permit the opening 

(9-1/2 inches in diameter) at the bottom of the jar to be sufficiently 

high to allow the various Cloud generators to be inserted. The 

electrodes were suspended one inch above the bottom opening of the jar. 

They were -carefully cleaned, weighed, and dried before using,. After 

each test, the electrodes were immediately weighed and the ratio of 

positive to negative determined. The data in Table 1*0 show the results 

under various conditions. 
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4- 90 V. - 90 V 

r A °\ 

/, 

rr> .OPPER   ELECTRODES 

CLOUD/ GENERATOR 

FIGURE   151.    APPARATUS   FOR   DETERMINING THE 
RATIOS  OF  POSITIVELY   AND  NEGA- 
TIVELY   CHARGED  PARTICLES. 
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Biscussion öf Ci-ouur.Pärtiele Experiments 

From the photographs in Figures l'U8, ll;9,, and 1$0,. it can be 

seen that the treeing effect, is virtually eliminated, when dry powders 

are used. The deposits, from each of the three powder clouds- on the 

development plate are uniform regardless of the poi'/der used, i.e..,  wet 

or dry (see Figure 11$,. plates A, B,, and C;  Figure ±h9i  plates A, Bi and 

C; and Pigure 15>0-, plates A, B, and C). This, however,, is not the' case 

for the deposits on selenium plates,-, where a great, number of powder- 

deficient areas are observed. The Alj fines (dry), deposit on the 

selenium plate, while not entirely devoid of. powder-deficient areas, is 

definitely finer textured than deposits from the other powders. The 

powder-deficient areas for the "fines" are,.on the average,at least an 

order of magnitude smaller. The distribution curves of the three types 

of deposited powder show a great predominance of particle sizes in the 

three-micron range, Figure lii7, part B., The- curves for the powders 

before, .deposition-^ Figure 1^7* part A, show mäxjima ät 0*8 microns for the 

Alj fines and 3.0 microns for the Alj-. The significant differences 

between the two sets of curves (Figure lit?, parts A and B) are: (a) 

The maximum in the Alj fines powder has shifted from 0.8 microns to 3.0 

microns, (h.) in the case of the Alj powders, the maximum has not been 

altered, and (c) smaller maxima appear at the .larger particle sizes for 

the wet Alj powder. These seem to be real rather than a peculiarity of 

the statistical method of counting or preparing the. data. . There" is no 

good explanation for the aP'oearance of these smaller maxima.. 

RESTRICTED 
3ÄTTELLE  MEMORIAL INSTITUTE 



.ET' 

At the present time, no fundamental, information is- available to 

explain the fact that particle-^sise distributions are so nearly the same 

in the powder deposit when they are so different before the cloud is 

«created, The two possibilities .stated in the last Quarterly Report, l-.es, 

aggregation and selection, still seem to offer the best explanations. 

The' aggregation hypothesis has a evidence in the literature* 

to support it. In creating the powder cloud, particles of both positive 

and negative charge are produced'. Either through ä&traötion of these 

•oppositely charged particles5 gravitational attraction, or through the. 

normal agitation of the cloud, particles will collide, In, such, a 

collision, it is possible th-a+- local and temporary heating occurs at the 

contact .surface--* It can be sufficiently high to cause the particles to 

fuse- the resin. 

It is -also- possible that with the voltages, geometry, arid method 

of cloud production used, there may be a strong selective- attraction- of 

particles in a given size range. Particles in the three-micron range 

may experience much stronger forces pulling them out of the cloud, 

perhaps by reason of a higher charge-to-mass ratio, than particles' in 

other size ranges. This would mean that, though there were a great many 

more particles less than three microns in size in the case of the fines, 

the majority of particles deposited would still be taken from the three- 

micron range. This- too could aid the agglomerationi 

The experiments show that the Alj fines (dry) powder will produce 

the most uniform deposit and that particle size arid distribution have a 

bearing on the type of deposit produced. 

* J. Fr-enkel, Jour. Appl. Phys., 5, 25 (l?ljl). 
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Another significant factor to .be considered is the serious differ- 

ence between the deposits oh the development-tost plate and the- selenium 

plate. Since the deposits on the developmeht^tes-t plate are uniform 

whether the powder is wet or dry and the deposits on the selenium plate 

are affected both by the wetness and particle-size distribution of 

particles., it would seem that the selenium plate possesses potential 

gradients which are responsible for the honuniform deposit. 

In so far as further work on the powder cloud is concerned, it 

is believed that the following should be considered: 

(a)' Alj fines (wet) powder-rcloud deposits should be made on 

both the development-test plate and a selenium plate, since the Alj fines 

(dry^j: which is vacuum dried and maintained in that state, is not too 

practical for use in thö field. 

(b) Powders with still finer particle-siz'ö distributions should 

be made and tested.« 

-(&.)• Tests with the hand-operated, compartmented box should be 

run for polarity, particle-size distribution, and wetness- to determine 

the effect of a very predominant polarity (minus,, see Table IjO) on 

deposits. 

(d) Other powders, such as AG-OL and AG-1 fines*.should be tested 

to see if any correlation between compositions- can be found. 

(e) Investigate new carriers to determine their effect on 

polarity of the powders. 

(£) Investigate the use of materials other than aluminum for 

use in the development box to determine the effect on the polarity and 

charge. 
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(,g) Determine the magnitude of the charge on individual 

particles arid the total charge that Would occur in ä powder -cloud, 

GasLgadx jtey^lopment <• 

Previous experiments have indicajted that the powder-carrier 

Cascade method ef. developing elec'trpphotographs has certain advantages 

over powder-clöüd methods. The most important advantage is the 

simplicity of the method. The chief disadvantages- are slower photo,- 

.graphic speed and inferior definition, in the- final print.. (See 

Quarterly- Progress Report No» 5, pages. JU12—Ulli.) 

In the previously'reported experiments-, the cascade- method was 

•evaluated us-irig. positively charged plates and a powderr-carrier- combina- 

tion, formulated to develop- positively charged images .. In the work 

reported here., plates were charged negatively, and a. negative powder- 

carrier- combination was employed.. Results indicate that the powder- 

carrier method has a slightly slower photographic speed than powder- 

cloud methods- and the- latitude of the method is- some-.rhat limited, but that 

definition and picture quality of cascade-developed pictures are 

comparable to those of powder-cloud pictures. 

The cascade method used was similar to the method described on 

page J4I3 of Quarterly Progress -Report No. $  except- that negative charging 

and developers were used. The developers, consisted of 5>.6 per- cent of 
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a-iHBfr either G^-l^ or Magnetic**'' powder mixed with Vh'k per cent polystyrene'* 

carrier. 

The subjects- photographed included both outdoor scenes and gray 

scales» The curves in Figure 1^2'Were; plotted from reflection 

densitrcmetric measurements on the original gray scales and their 

reproductions. These curves indicate- .(1) a variation in black-area 

density, from print to print [which has not been accounted for} and (2") 

a. latitude of density range of about 0.6. 

A study of the outdoor scene photographs showed that the photo- 

graphic speed of the method was slower than that of powder=-eloud develop- 

ment . This slower speed was apparently due to the fact that negative 

light decays for all selenium plates are; slower than the positive .light 

decays. Comparison between positive powder-carrier" cascade development 

and positive powder-cloud development show that those two processes have. 

r©ugh]y the same speed» 

Figure l'J?3 is an oiitdöör picture developed from a negatively 

charged plate by powder-carrier cascade. This picture shoves the limited 

latitude of' the cascade process» However, the picture also shows the 

fine definition and detail that can be- obtained with the cascade method-, 

and the intermediate grays that the method can produce.. 

#   See Quarterly Progress Report. No*- p> page ]f7i. 

*•-*.   Magnetic Fowder No. 10 as described in Progress Report No. h3  on 
Xerography to The Battelle Development Corporation, page 770; 60 
per cent Llanjak (Allied Asphalt and Mineral Corporation, New York. 
N.ewYork)j lj.0 per cent Mapico Black (Binney and, Smith Company, 
New York, New York) mixed on a rubber mill and micropulverized. 

-JHHJ-  Polystyrene Beads, Type P-8 (The. Koppers Company, Pittsburgh, 
Pennsylvania), screen cut above 35 mesh. 
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67120 
PLATE  NO: 9 - 26-49-E 
DEVELOPMENT: POWDER-CARRIER CASCADE, NEGATIVE 
DATE: 11-1-49 

FIGURE 153. CASCADE -DEVELOPED OUTDOOR PICTURE 
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The escperiments. described above did not involve the use of a 

grounded metal electrode held just above the plate during development. 

For some reason, the negative developers are able to fill in large dark 

areas without the": use of a grounded electrode. Furthermore, experiments 

using such an electrode showed that it had little effect en the quality 

of the picture produced, and seemed to decrease the effective- photo- 

graphic speed» 

Because of the difficulty of controlling the development with an 

electrode, and the limited latitude of: prints produced by powder-carrier 

development, work en this method has' been discontinued. 

Spray Development 

Methods of developing electrophotographic images using liquid 

sprays have been, briefly studied and evaluated* This work has shown that, 

spray development can produce electrophötög-raphs as gpod asJbhe best 

powder-cloud-developed pictures. However, the work has also- shown that, 

with respect to ä camera application,.there are practical difficulties 

in spray^development methods which appear to be. more serious than those 

of powoer-^cloudrdev-eiopment methods* 

All of the spray-^-development method's tried in this work involved 

directing a fine liquid spray at a selenium electrophotographic plate 

that had been charged and exposed in the usual manner. An artists'- 

type airbrush (Type VL-1, Paasche Airbrush 'Company, Chicago,. Illinois) 

was used to generate the spray. A variety of inks and pigment materials 

were sprayed. 
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In the first experiments With the spray methods, the airbrush 

was charged with India Ink and the spray Was, directed at an exposed 

plate held about two feet in front <bf the airbrush. In this case, the 

spray deposited' quite uniformly on the plate without developing' out an. 

image-. However, when the spray was .directed through a corona discharge, 

the ink produced a rough-textured Image on the exposed plate.. A 

similar, but better* image was obtained when- the India Ink spray wa;s 

directed through a small ring close to the airbrush nozzle- and held at 

a high potenöal with-respect to the nozzle. Placing a fine-wire grid 

just in front of the plate during development did not appreciably improve 

the quality of these Images.. 

Microscopic, examination of the ink deposit .showed that the image 

itself was- produced by very fine droplets-. There was a high density of 

these fine droplets in the highly charged area of the plate, and none of 

the finer droplets in the highlight, areas' of the exposed plate.- However, 

there was a fairly uniform scattering of larger droplets over all of the 

plate. Apparently the larger droplets of the spray had enough .momentum- 

to be essentially unaffected by the electric field of the plate. In 

order to reduce this background of larger droplets, the plate was placed 

parallel to the direction of the ink spray during development. It was 

placed directly over the fine-wire grid in such a position that the 

frame of the fine-wire grid shielded the plate from the .direct spray. 

The plate was then developed only by droplets, carried near the plate by 

the turbulence around the grid frame. This arrangement eliminated most 

of the larger droplets, and also caused the plate to be developed very 

uniformly.,; 
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The final arrangement of the apparatus is sketched in Figure 15U« 

Mirier variations in this arrangement caused only minor changes in the 

resulting, development. Thus,, changing, the distance between the plate 

and the airbrush changed the speed and sometimes the. uiiifprmiiy of 

development! changing the ink^feed rate also changed the time for 

development, without greatly affecting the droplet size, etc. In most- 

cases, the charging ring was held at ä potential of +1000 volts with 

respect to the rioszle. The airbrush was operated at a pressure of 30' 

pounds- per square inch, and v/äs adjusted to feed the ink at the -mäS-imum- 

rate. In- ffio;st cases> the spray was turned on for 20 seconds. 

A variety of inks and pigment materials were used with the 

•arrangement described above,, "i/ith some materials, the' charging ring 

charged the spray? with other materials, it had very little effect.. In 

all cases-, however, art linage was produced. These images varied chiefly 

in texture, density., and their ability to be transferred and fixed. The 

results with the different materials are summarized-below i 

I.- "tfater-base inks (undiluted);; the spray was charged -by the 

charging ring. The image developed on the plate appeared to be accept- 

able, but it was not possible to transfer the image to paper. 

2. Oildag* (10 per cent solution in carbon tetrachloride): the 

charging ring had little effect on the iSöiarity or quantity of charge .on. 

the droplets. A fine-grain picture' was developed, which coulcl be partly 

transferred to paper by pressure. The resulting print was much too- 

light. 
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3. Printer's', ink (10 per cent solution in carbon te^rashloride): 

the charging, ring had littles effect on the, charge of the droplets-. A 

fine-gradn image was obtained which could be transferred to paper by 

pressure äiöhe, producing an acceptable print. 

.!;-*. yyes: (5 per cent solution in. ethane!,)-: the spray was 

charged by the charging ring. Most of the alcohol of the solution 

evaporated before the spray reached the plate> so that a dye-powder image 

was formed. This powder image could be partially transferred to paper 

by pressure-, where the final print could be fixed and intensified by 

moistening, with solvent.. 

5- Water-soluble mimeograph ink (20 per cent solution in water).: 

the spray was charged by the charging, ring. A somewhat rough-appearing 

image was developed, on the plate:. This image, thou ;h sticky to the 

touch, transferred poorly to paper under pressure? 

6.v Lampblack* (10 per cent dispersion in methane!), the spray 

Was charged by the charging ring. Trie lampblack deposited dry and gave 

a fine-grain image on the plate.. The image could be transferred electro- 

statically or by a pros sure-sensitive adhesive., and the resulting print 

was of good quality.- 

Of all'the materials used, the printerts ink and the lampblack 

gave the most acceptable results. The photographs obtained using the 

JaMblack seemed a little better than those made with the printer's ink, 

hut the process was simpler using the printer's ink. Figure 155 is- a. 

reproduction of a photograph produced by spraying ä ?ampblack dispersion. 
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PLATE :  9-I5-49B 
DEVELOPER : LAMPBLACK (10 PER CENT ) IN   METHANOL 
DATE.;. M "16-49,   I   P.M. 
SPEED: ASA  4   (SLIGHTLY OVEREXPOSED) 

FIGURE 155. LIQUID-SPRAY-DEVELOPED  ELECTROPHOTOGRAPH 

RESTRICTED 



RESTRICTED 
-»$01- 

it 

K 

The  photograph reproduced, is one of the best electrophotographs developed 

by a liquid-spray method. It was transferred by pressing a moist 

gelatin-coated paper onto the plate after development. Although the 

lampblack images can be transferred electrostatically, the corona 

discharge sometimes disturbs., or "explodes"., the thicker deposits. 

In all of the liquid-;spray methods, it was not possible 'tö< Use- 

granular •material to clean the plate after transfer of the image. With 

the inks and dyes>. the plates could be easily cleaned by an alcohol or 

oarbon tetrachloride. wash» However, a much more vigorous scrubbing was 

•necessary to remove all traces of the iamp;bläck. Often this scrubbing 

was- sufficient to scratch the plate. 

Following are the conclusions drawn from this work, on liquid- 

spray_devel6pment. methods-; ___  ;_.._. 

1. Liquid-spray development methods can produce photographs of 

quality equal to or better than that of photographs produced; by powdcr- 

cloud-rdcvelopmont methods.. 

2. None of the advantages or disadvantages .-.of the liquid-spray 

methods appeals to have outstanding importance. Included- in the 

advantages of the- process are: (a), a v/ide variety of inks and pigment 

materials may be usedj (b) in many cases, the amount of charge on the 

•spray may be easily controlled; and (.c) with drying inks [such as. 

printer's ink]> transfer and fixing problems are simplified. 

Among the disadvantages .are: (a) the liquid-spray methods do 

not seem to lend themselves to compact forms of developing equipment] 

(b) the plates are more difficult to clean; and (c) most of the 

RESTRICTED 
BATTELUE MEMORIAL INSTITUTE 



VI—.i 

\ 

-502- 

liquid-spray methods depend in part on solvent .evaporation, which is a 

temperature-dependent, process/. 

Smoko^CIoud -Development 

In pictures taken by the use of phosphor plates^ and also in- 

experiments on the development-test plate, the .pöwd'er deposit on thy 

image is found to have a, texture of considerably" larger scale than the 

powder—particle size. It is' reasonable to guess that this texture is 

caused by a tendency" of the? .powder to "trpe.n,.., dug to induced dipole 

moments in the particles* If tl.is guess is correct, a smaller powder 

particle vd.ll produce a finer texture in ä photograph. 

. A series of experiments was made in the search for smaller 

developing particles than are available in present powders. 

Vapor was first tried with limited success. Colored smokes: were 

then tried and very promising results were obtained.» Figure 156. shows 

a contact print developed by a colored smoke. 

The colored smoke- is- -generated by a cheiriical reaction that 

furnishes heat to vaporize a dye. Smokes of nearly any color can be 

produced. The smöKe-prödueimg material is placed in ä «capsule with 

an orifice at one end through which the smoke escapes on burning. The 

fine grain quality demonstrated in this print is attributed to small 

particle size. It may also be due to more desirable electrostatic 

properties than the currently used .(Alj) electrophotographic powders 

have. 
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FIGURE  156. CONTACT PRINT ON A SELENIUM  PLATE (9M5-49B) 
USING A SMOKE CLOUD FOR DEVELOPMENT 
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ADHESI7E FIXING AND TMNSEEERMG 

I 
P. G. Andrus 

i     v 

An investigation of the possibility of using pressure^sensitive! 

adhesive tapes for fixing or transferring powder electrophotographic 

images has been started. The preliminary experiments carried out in 

this investigation have included fixing- -images by applying transparent 

adhesive tapes to powder images that had- been, ele/ctrostatxcally 

transferred to. paper. Transfer of powder images has; been accomplished 

by applying pressure^sensitive adhesive-coated1 film to developed 

' 

electro.photograijh-iG, plates. None of the methods or materials tested 

:. has been entirely satisfactory, but the general methods appear to be 

practical. 

In experiments on fixing powder images using transparent tape, 

»Scotch» brand cellulose tape No. 600* and Stik-orv. No. i'3>8£*' were 

. pre.ssed onto powder images on paper using a lithograph proof press. The 

gray areas of the print, were satisfactorily fixed, but, in the black 

i regions., the adhesive did not penetrate' the entire thickness of the 

powder. IThen that, happened^ a loose powder pocket was formed. The 

"Scotch" brand tape retained more powder than did "the Stick-on. The adhesive 

; 

(_; on "Scotch" brand plastic film tape Nö. Ü71 (which was not transparent) 

penetrated .somewhat thicker layers, of powdery With this material, the 

tape just barely adhered to the backing paper in the black areas. 

•*  Minnesota Lining and Llanufacturing Company, St. Paul, Minnesota. 

-«-a- Eugene D-ietzgen Company, Chicago, Illinois... 
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In experiments on transferring electrophotographic powder images -, 

"S'ce&eh" brand tapes and gelatin-coated paper wore tested, Here again,, 

the; pres.s.xffe^s.Gn_s.itive adhesive of the ordinary type of "Scotch" brand 

tape (No. 60.©). adhered to almost all of the powder in the gray areas,/but 

did not transfer the powder from the thick areas. The Nos UlX  type Of 

»Söotch«- brand tape, did remote black layers of powder from thick layers 

on the electrophotographic plate, as did wet gelatin-coated paper. The: 

gelatm^cpated paper consisted -of photographic contact-printing paper 

which, had been treated ^ith a. solution of sodium, thlosüxf ate.,», washed., and 

left wot. All, the adhesive materials used- were applied to the electro- _ 

photographic plate using the lithograph proof press. 

Except for the fact that the. process required water and time 

for dryings the adhesive transfer using gelatin-coated paper was more 

satisfactory than the usual electrostatic method. Nearly all of the 

powder was transferred, and the black areas that transferred could be 

eas-liy fixed by the application of transparent .pressur.e=sensitive 

adhesive tape, to the gelatin-coated paper.- 

The work on transferring and fixing, using pressure-sensitive 

adhesive tapes, vail be continued by testing additional commercial tapes, 

and by searching for adhesive materials with the penetration, tack, 

permanence, and. color (or transparency) properties required for satisfac- 

tory transfer or fixing operations. 
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SELSHlffH. PL^TErPR^RAIlilTlOi'I '..'ÖRK 

J-. L-. StdcMale and 0? A* Ullrich 

Summary 

In the preceding Quarterly Report (No* p.), data were given- on 

the effect of various cleaning treatments and various undercöating 

materials, on aluminutn-baclced electrophotographic plates. It was reported 

that anodizing the älüm-ihum plate before depositing the selenium resulted 

in-very slaw da-rk-decay rates* This anodizing also- caused the formation 

of large circular powder-^deficient areas in continuous-tone prints. 

It has been found that, if brass is used as a backing-plate 

material, not only vri.ll the dark-decay rates be slow>. but print quality 

will be good as well.. Prints itiadü using these brass-backed plates 

exhibited considerable graihiness, however. This occurrence of grain 

and powder-deficient areas- in. prints has_definitely been traced to over- 

charging of the plate as the principal cause« Overcharging3 undoubtedly, 

is fiöt the only cause öf grain, but it Is at present a most important one. 

using brass as a baclcing-pla.te material, electrophotographic 

plates were prepared with various special treatments. The best prints 

were made, however, from plates which had received no special treatment; 

that is, they were prepareii by cleaning with a polishing compound, 

synthe-cic detergent, vapor de greasing, and depositing the selenium with 

the plate maintained between 60 and 6fj°C. during vacuum evaporation. 
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General Considerations^pn, Plate_.Studie5 

Much work has been- done in the past on the preparation of selenium 

•c3>q-.etrpphö.to£raphic. plates using aluminum as the ba;sk^g-piate material.. 

The aluminum its.elf has bean treated in a variety of ways. Many 

different undcrcoating- materials have been applied to- the aluminum before- 

the selenium was deposited^ Plates- wore subjected;, to various heat treat- 

imentsfi both gurlng and after preparation. The .results have been distihe-- 

iive only in the difficulty -of their evaluation^ Sertain valuable 

information has boon obtained, however. This/ includes, in part, informa- 

tion concerning: 

1. The dependence of po'tentialrrdecay '.characteristics on plate- 

preparation temperature,* 

2. The dependence -of spectral sensitivity on plate-preparatiori 

temperature. 

3. The lack of dependence -of' potentialr-decay. characterisitics 

on chamber- pressure- (up tö 25 microns) during evaporation. 

Another- -result, and equally important, is that plate character^ 

is tics are extremely dependent upon the, character of the interface 

between the selenium and the backing platö. 

The character of this interface is- fully äs important as the 

„ condition of the outer surface of the selenium.. It can, apparently, give, 

rise to fast darkr-decay rates and a large difference between, positive-^ 

and negative-potential characteristics. It can affect the magnitude of 

the potential accepted as well as other m.3nor electrical properties. But, 

further, this interface plays a vital role in print-making quality. 
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Certairi small..,- irregularly shape* blemishes in prints can. be. attributed 

to- some «dascontinuous characteristics of the interface layer., 

Blemishes, in electrophotographic, prints can be divided into f iyle 

general groups as follows': 

1. Small pin-point, powderrdef i-cient areas« 

2. Large., circular-j, pov/der-rdeficicnt. areas.- ranging around one 

millimeter in diameter. 

3. .Fairly large> irregularly shaped?powders-deficient areas, 

ranging -from= one to five millimeters in. major dimension. 

h*    Long,, harrow;,. pö\vde-r=free.7 or povrdefsexcess streaks, follow^ 

ing scratch marks; or roiling; marks in the backing plate. 

5- A grainy structure, apparently due to irregular deposition of 

the powder in clumps or ridges,- 

The direct cause of the .powders-deficient blemish  is a local 

potential irregularity of the plate* The graininess may be due either 

to local potential irrejularitios on the- plate .©r a nonuniformity öf the 

development cloud. The underlying cause of the potential irregularity 

is not understood. It could arise from nonuniformity of (1) charge 

acceptance,. (.2) dark-Klecay rate-., or (3) light sensitivity over small 

areas of the plate. Any of these thr-cc possible nonuniformities could 

•resulb -from structural differences in the selenium, differences in 

selenium film thickness-:, or local interface-property variations. The 

structural differences could hare developed during the deposition of 

the selenium as a result of local interface variation, or they could have 

developed later. Overcharging, with resultant breakdown of the selenium, 
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could change it from its insulating form to a more conducting form. Such 

breakdown might logically arise from a röUgh Bäcking-plate surface or from 

the breakdown öf ä dielectric interface film* It might also"afisi from 

holes, in- the se-len-i-um. caused. bv dirt en the backing plate while the 

selenium, is., depositing... 

Four items of experimental evidence which bear directly on these 

questions involve (1); the. use of a perfectly smooth backirig.-plate surface, 

(2) the use of a grid to control the potential to which the plate is 

charged, 0)  tjhe effect of anodizing aluminum backing plates,, arid (;U.) 

the comparison: between the properties of brass and aluminum as backing- 

plate materials. 

In the first experiment, involving the use of a smooth backing 

plate., selenium was deposited .onto, a glass plate* - This plate was coated 

with a conducting layer (copper or aluminum) by vacuum evaporation in the 

same manner as that in which the selenium was deposited.* The appearance 

of irregulär powder-free areas and gralninoss- was reduced but not 

eliminated.. The tendency to, form circular powder-deficient spots was- 

increased. Remaining graininess can be attributed to potential 

irregularities in the selenium or to the developing process. It cannot, 

we believe;, be due to surface roughness. 

The second experiment involves the use of a> potential-control 

grid. Here, the potential to which the plate is charged is limited .so 

that" the plate will not be subjected to breakdown voltages. "Alien plates, 

are charged using this grid, instead of 'open corona wires, a marked 
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r-eduction in- the number ana size -ef powder-deficient areas results. The 

.grainines.s is also, appreciably reduced,, particularly in the denser 

regions of the print. 

T-he third item .of experimental evidence involye;ä as listed above, 

the effect of anodized aluminum backing plates. The effect, of "the 

aluminum. Oxide dielectric layer was. to greatly increase the number, and, 

often,.the size,, of circular powder-Kief ici-ent «pots over those resulting; 

from unanodized aluminum. In general, a tLickcr oxide layer gav^e larger 

and more numerous powder-free areas; 'Sie anodic layer 'had a very high 

leakav resistance before breakdown, as evidenced by the exceptionally 

slow dark-decay rates. 

The fourth experimental result, this one also demonstrating the 

effect of interface layers, is the difference betvreen brass .and aluminum 

as. backing-plate materials. The dark-decay rates and continuous-tone 

image quality are very much better for brass than for aluminum» This is,. 

apparently; due entirely to an interface layer which has more beneficial 

properties -in the- case -.of the brass«. .-An-, ana-lysis- -of the. chemical 

properties of selenium, aluminum, copper, and zinc indicates a much more 

intimate cheaical bonding between selenium and brass than between 

selenium and aluminum. Differences in surface quality between the 

aluminum, and- the brass backing metals Used cannot account, to any great 

extent, for the. type of improvement^ noted. 

In- summation, it can be said that using a very smooth backing 

plate improves grain quality and reduces blemish appearance but does not 

eliminate either of these. Potential irregularities on the surface of 
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the selcni4u» or in the selenium are the dire ct causes- of the grain and 

blemishes» Those irregularities may be due to structural variations in 

the selenium or may be due to discontinuous interface films.- The evidence 

cited points: strongly to; the interface film- as being the scat öf the 

trouble., particularly since it undoubtedly can affect the selenium 

'structure as well. Since it appears1 that plates- which take- ä higher, 

potential have faster effective speeds,, it will be especially valuable 

to; overcome the: tendency tö breakdown which is so dependent on interface 

Consequently, a continued study of the effect of- interface films 

and backing plates should give the most fundamental information about 

plate properties-» 

Dark- and light-decay rates and fatigue in plates which are 

charged to potentials less than the maximum the plates can accept will be 

studied. Information resulting from such work is ^needed to establish 

charging^oxposure and development-time sequences, for the electrophoto- 

graphic, .eamep.äi 

5>cp,crimehtal. yfö.rk". ön Se-loniüm-^Cöated Plates 

The principle defects in selenium-coated electrophotographic 

plates have been (1) excessively fast dark^decay rates, particularly 

for positive-potential  charging;  and (2') the lack of uniformity of 

potential characteristics over the plate surface.    This lack of potential 

uniformity causes powder-defieicnt areas and,  at least in part,  grainy, 

images?    Various treatments of aluminum backing-plate material have been 

RESTRICTED 
BATTEL.L.E MEMORIAL. INSTITUTE 



f 

previous^'' reported. Table Ijl summarizes, recent .experiments which have 

been directed toward improving potential, and image-forming characteristic«. 

The.following sums up  the important information given in. the. preceding 

table» 

1. Ahodized aluminum produces Gonsistently slow dark-decay and 

fast light-decay rates» but* apparently^ prevents-' the plate from accepting 

-a high potential and •definitely causes large powder-deficient spots, in 

prints made from these plates. 

2«, Polished (photoengravcrs*)/ brass äs a backing-plate material is 

much, superior to unanediSed aluminum from both potential and image- 

forming standpoints. It, is ;abe:ut .equal, to anodized aluminum in positive- , 

potential darkniecay rates. It is much .superior to anodized aluminum in 

image formation*. 

3'. :Sopper has characteristics comparable withbrass when the 

plate is, first made» After several weeks., sufficient reaction between, 

the selenium and the copper has taken place that the- selenium film will 

very readily peel away from the coppers As yet., no such tendency has 

appeared, with the brass=baeked plates». 

U« Zinc.'j. -chromium, and nickel do not. appear to offer any 

advantages over brass.. Prints-made from selenium-coated plates of these- 

metals: are generally inferior in quality. 

5. The cleaning technique for brassy which consists of polishing 

with Glass Tax"*, washing with a synthetic detergent, rinsing with water, 

rinsing with isopropyl alcohol, and degreasing in isopropyl alcohol 

•K- -Glass "iax, manufactured by The Guid Seal Company, Bismarck, North. 
Dakota. Composition - 7$ per cent water, l£ per cent petroleum 
fraction (naphtha), 7»3> per cent, abrasive, amr.ionia, emulsifier, and 
coloring- agent» 
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OP SEM3FTIUK TBT.itoTHOPHDTÖGSAPHIÖ PLANS' 

RESTRICTED 

Item 
Ktusfes-S:     'Bö-gigj.witf !fe.-tsr-i-al        Microns m J 1. 

.J£FV'. VU'JlWll 5) 

Alrtfiinun 

Alusiinum 

10-20 

10-20 

Anö.dize in trisodiurv ^hasphato 
(see quarterly rer>ort No.   %-, 
pages U2if-29) 

Standard ~ detorgont wash nnd 
isopropyl vapor dogreaso 

Plata; 

Clear 

Kieotricai 
Proper-ties for Positive. 
Pösen,-träl__gnäggJBg:  

~ Image Quality. 
Using Open Corona Charging 

'-vire 

Tory alow ä-jdc-deeey .rato,,. 
nositive - 10^20 per cent 

Breakdown of :anod&c film causes prosr- 
Inent T)owder~defi-cient areas (poten- 
tial-control grid not used in charging;)» 

Goners 11-y acceptable but often Generally good with cassade develop- 
Oxcesslvoiy fast dark^decay     raent.    öeneraüy poor with pow&ar^clovd 
rates development because of powder-defleieiifc 

areas. 

h 

Aluminum 

Alurainum 

15 

15 

Surface, grained with sand until Fine gray*      Slow darle-decay rates 
•completely light-scattering at apr>ear'ing 
•normal incidence.    Ho further surface  Shot 
cleaning crystalline) 

Surface grained with thirty- 
snesh carborundum 

Ditto Fast, dark-decay rates grep.tr 
ör than ty© VQT cent 

/Fine-grained print- quality with powder-' 
cloud development, but had unacceptable 
powder-deficient areas. 

Many large powder^de-ficient areas• but 
otherwise fine-grained texture» 

* 

1 

Brass 

Brass 

Brass 

.10-60 

-6o 

10-20 

Pho.toengravers -nolished surface Clear 
-slightly rirmled but very shiney. and 
Gleaning' standard as in 2 Smooth 

Subbed with C&ass-Wax (soe text, Clear 
page  511 ^ before decreasing 

Slow dark-decay rates-gener- 
al ly 20 per cent or less 

Dark—fleecy rates general ly 
slower than for 3tandard- 
"elea»j|4 brass 

Grained with sand until complete- Fine gray-     Good - as in 5 
ly light-j-sca-tte-r'ing at normal surface' 

Fine  textured unless overcharged, which 
develops coarse-grained texture and 
powder-defloierit dots-. 

More consistently fine textured than 
standa.rd-cieah.e4 brass. 

Good - as in 5 

incidence as in 3 

8 Go-oner 1<5 

% Nickel • 13. 
electroplated 
onto' copper 

10 Chromium electro-      15 
plated onto- copper 

Either grained with sand or 
standard cleaning as In 2 

Standard decrease,  as in 2 

Ditto 

Clear or 
as._ih' 3 

Clear 

'Clsar 

Fairly slow dark-decay rates    A"bout equal to brass as in % Adhes- 
'j' ion. between ^selenium and copper be^~- 

comes extremely poor in one weerfs time. 

Will accent only 15©~to 200-   Low density and contrast-grain quality 
volts potential (brass takes    nearly as good as ständärtfccleaned 
5-700^ fair decay rates br»-ss_. 

Ditto Ditto 

•v*o   — mm 1 •mW—>M^» - 

V&msi^rM 
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Item 
lumber. BsOräaig;.. >-i5-uq?X:'9JL 

Selenium 

Mi'C2~Uüä: .Treatment... 
Plate 

..Appear onoe 

iSlectrical 
Pro-oerties for Positive 
Potential OhargjLng;  

linage Tyaalüsy. 
Using Open Corona Charging 

.   . Wire   , 

13 

14 

if 

3/6 

17 

IS 

evaporated, onto- 
copper 

Zinc 

Brass 

Brass-' 

Aluminum 

Brass: 

Brass 

Brass 

Brass 

xr> 

15 

10 

15 

15 

15 

15 

15 

15 

GöpPer standard as. in 2.,.z.inö: Clear 
deposited -er lor to, evaporating 
selenium. 

Phötoenfr ^vora sine standard* Clear 
o-leailing, as i-n 2 

Brass standard cleaned', copper        Clear 
evixporateä,  then coriper and sei— 
sniüia simultaneously and,finally,, 
jus* selenium- 

S.ülfuric acid (6 per cent) di->, 
then standard cleaned as  in 2^ 
öoat.     with crystalline selenium 
hy holding plate at 120*C,     then 
de-nosit remaining selenium at 6oe. 

Clear 

alii   -äXiÖBrvB   3^Ul3D   YÖitS, 
T?o'tonti«if    medium dark- 
decay r/vfre 

Past dark^decsy rater 

Bark-decay rate very fast, 
prTvctlcrlly no light sens- 
itivity 

Dark-decay rate very slow 

•Great, number of powder-free are« 
spots.    Good density- 

Print cjsisliiy fair "but hot so good, 
as "brass in 5> 

Print s _ fairly good.. 

Ditto Scattering 
and streaked 

Fairly fast dark-deoay rate 

Brass standard cle-uiod \s in Z\t   Clear -hut      Take extremely high potential 
then coated with organic film,      rough due to have fairly good dark-decay 
then ^laoed in vacuum system and. dust narti-    rates,  r\nd have high residual 
selenium evaporated .pies in resän potential 

Brass standard cleaned as, in 2* 
tt'ndercoata of germanium and 
tellurium deposited by evapor- 
ation in same evacuation as 
selenium 

Brass standard .jl.eanod-,   sei« 
enium deposited,  folio--ed by an 
extremely thin coating of ger- 
manium in same evacuation 

-Sjhsiidard. cleaned,   coated with 
arsenic ''by evaporation in same 
evacuation as the selenium which 
followed 

Clear "E1- irly g^od positive dark 
decays,   (negative dark 
lecay.s very fast) 

7«ry fast viositive dark- 
decay r^te,. (very slow n 
ative dark—decay rate) 

Print texture good*    Dark 'background, 
due to high residual charge.    Uon- 
unlform organic film thickness causes 
streaks in print. 

Prints full of small powder=*de- 
ficient dots.     Coarse grain textur©.. 

Prints, full of small, black, powder* 
excess s>ots.    Texture grainy. 

Takes low -notential,   fair 
decay rates,  high residual 
charge 

Very grainy. 
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OSWBEE Ul,     GÖHTIWITT) 835STRIGMD 

zt:«§ifr 
iT-umher,      Backing Material 

20 

21 

23 

/-g.»h--^.'JS.. •' '--—* 

„Micron.3  .. Treatment 
Plata 

arance 

r SX'ectrical'    ~«*^- 
P-r.öpert.'ies for- roaiitivä 

Po freht-ial: ^harglgg' 

Inagp Qjjällty 
Xieing Opes. Goröäa Shagging 

Wire 

Bragg 

Brass 

Brass 

Glass 

W 

1'5 

25 

15-20 

Same* as 19 only undercoat vith- 
arseuic rjsntorciäa 

Maximum1 accer/ted nötent.'ial 
is 10 TO'tLt^ 

Bräsn standard cleaned,  coated Zinc sulfide .Fair decay rates,. high 
with selenium-,  then with a 2- layer              rerddual potential 
wave-length-thick layer of zinc "badly 
f.'\Lfide orac-ked 

Same äs 21 only use .".va^nesi-urn      Hague slum Very fant dark^decay rate, 
fluoride in -lace of -inc sulf- fluoride ley- no iirht r/3nsltiirity 
ide er "badly 

cracked 

Graduating film of aö^er 
evaporated "before depositing' 
the selenium 

Glear '^ex- 
cept for 
scattered 
drop's of 
a.sleniura) 

Piner t exture than from standaaal^ 
cleaned, "brass in 5» ^^ still hää'.def* 
inite grain. 
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-vapor .(;mere or less, taken, as standar-d), gives good results. An. acid dip 

dpes not have any" noticeable effect. The effect of the, Glass "Wax treat-r 

ment,. .which is: actually just an. abrasive cleaning pr.pe/elis- is. .not notice- 

able im s.oine; cases. in others, it snows a definite improvement in the 

grain texture of the image.. 

4»    Uridercpatings of organic films,;; Metallic films '.(:T.e-, G&, C.Uj, 

As, and gray selenium), arid arsenic pentoxide did mot bring about any 

improvement of decay or image-forming properties. The organic films» 

apv>eared to give' somewhat finer grain, but, due to their high re/si-staruGS 

and dielectric strength, the;,- caused a> high residual pptehtiai. Uneven 

thicknesses caused uneven background densities, also:-. 

7. A coating of zinc sulfide oh top of th* selenium did, not 

seem to affect, the plate. A similar coating of magnesium- fluoride caused i 

a fast positive-potential dark decay* Both of these dielectric films 

^exhibited .many fine, irregular cracks. 

The' experiments' in- which germanium and tellurium were evaporated 

as undereoats arid germanium as a topcoat, are particularly interesting, 

Tith these materials as undercpatings, the plate had good charge accept- 

ance and slow dark-decay rates for ppsitive^pöteri'tiäl öhäfgihg... For 

negatives-potential charging, me  telluriums-coated plate had a very fast 

da-rk-rdecay rate and the germänium-cpäted plate showed ho charge accept- 

ance at, all. On the other hand* when germanium was deposited in .an 

extremely thin layer (invisible to the unaided eye) oh the top surface 

of the selenium, the potential responses were just the reverse — fast 

positive decay and relatively slow negative decay. A positive-hole donor 
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actdion is indicated here. This phenomenon- might be very valuable- to a, 

: more .fundamental study of .'jieleniüm and, its .properties,* 

Under coatings' 'of gray selenium wf re prepared in ah effort to get 

a chemically and electrically homogeneous conducting surface upon which to 

deposit, the vitreous selenium. The crystalline- layer was formed by 

evaporating selenium onto a backing plate held at 125>öü.. This resultant 

layer '«as about tlir.ee microns thick. The temperature of plate was; then 

lowered t° :6op-65°C., arid the rest of the selenium deposited. Plates 

made is this manner had good positive-potential characteristics, but 

extremely fast negative decay characteristics:. This may also- indicate a 

positive-hole donor action. 

A grey-selenium- uriderooating as described above was prepared in a 

run in which a brass and an aluminum plate were mounted side by "side •on 

the temperature-controlled platen. The-positive dark-decay rate on the 

brass was 20 per cent, and on the aluminum it was §0, per cent. . They 

both accepted the same, initial potential. Again, the superiority of brass 

over aluminum^ with regard to decay  ratesi is demonstrated, 

The effect Qf firing rate was studied. The firing rate which 

has been used as standard since February of 19h9    has been such as to 

•evaporate 10 grams of .selenium in 10-1-2 minutes. For these firing-rate 

tests, films about 15> microns thick were prepared in 5, 15>, and 60 

minutes. Some spattering, occurred in- the $'-minute test, but this is 

incidental to the results-. The only difference in positive-and negative- 

potential decay characteristics between any of these plates and ä normal- 

run plate appeared in the 6o-minute plate. Here, the negative dark-decay 
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rate was- abnormally fast. This can- be .accounted for b;r remembering; that 

negative decays be-cöme- abnormally fast as the- temperature of the plate 

enters the ^O-^^.0^, range- Since the -selenium1 structure is dependent not 

only on. temperature,* but also the time .interval for which any temperature 

is maintained,, the fast negative decay is explained. 

Investigation of New ^Materials- for 
Electrophotographic., Plates 

Twelve new. materials were investigated for- photo conductive, 

properties.« These materials were deposited in thin films on polished 

brass' plates by vacuum evaporation. Materials tested were-: germanium., 

tellurium-,- arsenic,, copper oxide, calcium sulfide, lead sulfide-, bismuth 

trisulfide, titanium dioxide, cadmium sulfide, barium titanate, tin 

diselenide, and arsenic pentoxide,. Of this- group, only the last two, tin. 

diselenide and arsenic pehtöxide, would accept ä measurable potential; 

dark-decay rates for all materials tested were very fast and only the 

arsenic pentexide- ishowed any light sensitivity. 

PHOSPHORMDOATED, ELSC-TROPHOTGGRuPHIG. PLATES 

D* "Reynold's 

In the experiments reported in the last quarterly" report, the 

experiment proposed by-Kallmann was shown, to be feasible. That is, a 

zinc sulfide phosphor in a suitable binder öäh be quenched (given a very 

high dark resistance) by heating, and then charged after light exposure 

to a potential that depends on the exposure. The charging process most 
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suitable was- found to be' the corona process-- The potentials accepted- 

after different exposure times were found to- decrease- with time 'between 

exposure afid^charging.. 

One of the main reasons for initiating the phosphor experiments* 

was the hope that a plate could be found that would- retain ah image for 

3 long period of time. Hence^ it seemed- -desirable to try other phosphors 

before concluding that the Käilmann method-^- charging after exits'are/ -- 

was effectively the same with respect te image permanence, äs the Carlson 

juebhod ---• exposure- after charging — previously Used;. 

Electrical Characteristics of Phosphor Plates 

Influence of Light, on Decay, Characterisitc.s 

Elates were made using a 2225 phosphor (.manufactured by the New- 

Jersey Zinc Company). The bulk materials of the phosphor are zinc 

sulfide and cadmium sulfide. The phosphor- was mixed in a one-to-one ratio, 

by volume,, with B(!!~096 sili.cone resin, and the slurry sprayed onto 

aluminum backing plates-. 

The dark and light- potential-decay characteristics of the plates 

were determineda Data from a representative plate are given in the 

Table k2< 

It is- evident from the- table that there is a considerable 

differential in. charge accepted by the 222f>-phosphor plates depending 

on the wavelength of light to which the plate is exposed previous to 

charging^ 
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'lAELE 42.     POTEJSTIAL-rPSCAy BfiSft. aNEEÖSPEOR-COATED 

ELICTSOEKCTOGKKHIIC PLATES 

'- - - 

Charging 
2o-t.endi iai,, 

Volts... 

Exposure 

Infrared 
Lights 

, .. Hinutes 

to 
.iä^pösure 
Visible 

.. Lierht 

to 
Dark' Decay 

Volts-'-Minutes 

Maximum 
Accepted 
Potential, 
Volts 

+ 7000 10 ••» 25 4| 6SQ 

* 7000 - Saturated 95 4 432    .  

- 7000 10 ~ 20 4 708 

- 7.000. - Saturated 188 .3- „55?. 
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The main aim of the experiment, however-, was/ to find whether the 

dark decay, gather than charge accepted;, was influenced. by the' wave- 

length :ef light to whlclTtHe plate is; exposed.. The data show that there 

is little, such effect,, if any* Plates exposed to white light take less 

potential, but have decay characteristics very similar to plates 

exposed only to- infrared light. Figure 157 shows this effect 

qualitatively. Plates exposed to either L.i "a-red or \,hite light have 

fairly rapid dark-decay rates at first, leveling, off to extremely slow 

decay rates in less than five minutes. The effect is the same for both 

positive and negative charging. 

Ef- fegt ..of ;p.epeated, Charging 

The question may be asked what the: origin of the- photoelectric 

.currents in the electrophotographic plate may be-. If the current is due 

to carriers from the sensitizing impurity, it seems that they might 

possibly be "used up!1 by successive exposures after charging, followed 

by the usual discharge period.. In such case-,., the speed of tbe plate 

ought to decrease and the residual voltage to increase with successive 

chargings. 

A phosphor plate was repeatedly charged, with the same polarity 

and allowed to discharge. 

It Was found that,_ for both, positive and negative charging 

polarities., the initial accepted potential and the residual potential 

decreased with successive chargings. The initial and residual potentials 

were restored to their original values by regeneration, i.e., by one 
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EXPOSED TO  INFRARED  ON 

EXPOSED  TO  WHITE  LIGHT 

NOTE-PLATE CHARGED WITH 
CORONA WIRE, + 7000 VOLTS, 
AF TEFL EXPOSURE 

8 1.2 
TiiviE- AFTER    CHARGING j   MINUTES 

FIGURE  157. EFFECT   OF INFRARED   AND WHITE-LIGHT 
EXPOSURE   ON POTEiNTIAL -DECAY RATE 
FOR   2225  PHOSPHOR   PLA?E. 
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Öhärging with the. opposite polarity before; taking the next decay 

curve. 

These results seep to show, no exhaustion in the. supply of 

carriers.» if the' number -of carriers affects the plate speed* 

These 222$ phosphor plates* decay very rapidly in the light when 

used with the Carlson method —charge before exposure,-    They are faster 

than a selenium, plate which has average, speed*. Electrometer data show 

the phosphor plates tö be.- somewhat faster when charged negatively than 

when charged positively, as shown in. Figure l£8. 

Pictures, Made with Phosphor Plates 

i 

Pictures made with these phosphor plates, by the Carlson method 

have fair contrast but still have considerable grain. Out-door shots 

indicate an effective speed of ASA 2j? or better,, Pictures made using 

the Kallmann method were somewhat better in. quality than by the Carlson 

.method* but the speed was considerably less. 

Piei.ures made, using both methods with contact exposure are shown 

in- Figure 1$9,    A brush-type powder-cloud box was used, with the grid 

at ground potential.. 

Effect of , Pigment-to-Binder. Ratios and, 
Thi dene's s~?d;f the Active Layter 

Experiments were, performed to-determine the optimum thickness of 

the active layer and also the optimum pigment-to-binder ratio.. These 

experiments were performed using a 233G phosphor. The da!>a obtained on 

the phosphor-to-binder ratio experiments are not entirely significant* 
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P.  G. Ahdrus 

Rbint-rgrobe Electrometer1' 

,A refined pdi-r^probe types-.of electrometer' as described, on page 

k$l of Quarterly Progress- Report /No. 5 Ms beeh~cönstructed\.     The 

general design- of the electrometer is the same as described £her.e. 

However,  'the basic electrometer used was a Lindemanri Rycrsön Electröneter 

manufactured by the Cambridge' Instrument Coiapahy,. New York., 'New York. 

The probe of this instrument, was fitted with .a .0*03^inch Are 'exterisicn 

which .projected into a_Q..Ö|j.rdgich hole in a low.Trcapacity shielding can. 

This combination was mounted oh, a microscope stage in such, a way that  the 

end iof the. probe wire was about if32 inch, from the plate surface-* the 

potential of which was to be 'measured.    Under these  circumstances, bx 

proper adjustment of the sensitivity of the electrometer, it was possible- 

to measure p.otcntiälsLto ah accuracy of better than S volts,,   She, plate 

as. the thickness of the films was not uniforms.   More closely controlle d 

experiments: must- be carried :ö.u-t before definite conclusions can be dra^n,   ; 

.•b.Uäfc-.it.j-Kts. found, that -the total ppj.ential, äec_epted by the plate is- 

greatest for a one-^to-tv/o phosphorr-tö-b-ihder ratio.?.    -The light-decay 

rate was much faster for #-i.s- ratio: than for a one-to-one ratio; 

Both the initial accepted potential and the light^decay haif-feiniG 

are roughly proportional, to thickness. 
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area "seen" by the electrometer under these •conditions was, circular arid 

approximately l/l6 inch in diameter. 

Data fpj? this; ieeport are recorded in Laboratory Record .Books.: __ 

No* 3,9:03,,. pages 31 •>!•• i-ns-lüsive;. 
No*, 3.231,- pages- %(• lT' JLQä». in^ixis-ive.»---  - 
No'.- U3:88.i- pages; 41 - SS* ^IcUlisitfe;. 

-p&jgSS- -§£ •:-• 'iftielüsive. 
NOT iifö'öT "pägöS. •!=.- - 6*^ i-ncliisive,. 
NpV •läW pägcs; ~1 --?- 20Q-, :m elusive. 
No. ^872.; pages «. 33, inclusive. 
.No.=- 491+6 ? pages Tf ~ ¥öä jöiclusivei. 

^December 30, |?af" 
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